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ever, we do not know of an empirical examination of the relative importance of the Bund in comparison to other Euro bond future contracts.
This examination has a natural motivation: we know that future contracts tend to be more important than the underlying bonds for price discovery, so, if there are several similar contracts as in our case, is any of them dominating? There is also a theoretical motivation for this research question as the expectation theory of the term structure suggests that changes in the short-term contract may roll-over to longer-term durations which Hall et al. (1992) test in a cointegration framework. Finally, Brandt and Kavajecz (2004) find a high importance of medium-term -5 years -bonds as these best reflect average duration in bond portfolios and are thus most convenient for adjustment purposes in practice. Overall, there are good reasons to examine the Bund's dominance in price discovery.
Our research addresses exactly this issue: which contract (which market) is relatively most important in incorporating permanent price changes first, i.e. which contract is relatively most important in price discovery. We apply a standard econometric approach, i.e. the identification of "information shares". In detail, we use three related econometric techniques, i.e. information shares (Hasbrouck, 1995) , modified information shares (Lien and Shresta, 2009) and HMW-information shares (Harris et al, 2002) . 1 This vector error correction approach aims for identifying the relative importance of certain time series to a common development.
By applying it to financial markets one can analyze, for example, the relative contribution of single stock return histories to stock market development, the relative contribution of two markets or the relative contribution of two trading instruments. In our case, we are -to the best of our knowledge -the first to analyze the relative contribution of three bond future con-tracts to bond price development in one market. In particular, we examine the relative information shares of the Bund in comparison to the contracts with two-and five-year maturity.
As a second contribution, we examine possible determinants of information shares in order to better understand where or when price discovery takes place. These determinants come from three directions: first, we consider market state-related variables (see Mizrach and Neely, 2008) , such as trading volume, volatility and spread, second, we take up the insight that macroeconomic news influence markets which has been modeled in the literature in various ways (Fleming and Remolona, 1999 , Balduzzi et al., 2001 , Andersen et al., 2007 . Third, and according to our knowledge new to the literature on information shares, we consider order flow which is important for incorporation of information in bond markets too (e.g. Kavajecz, 2004, Pasquariello and Vega, 2007) .
We find indeed that the Bund has the largest information share and thus seems to be most important in price discovery of the interest rate level. Interestingly, however, despite its benchmark status, the Bund does not really dominate price discovery. Instead, all three considered contracts have considerable information shares and seem thus to be relevant. We gain further insight in the special roles of the single contracts by analyzing determinants of information shares. We see that market state-related variables are important determinants of information shares and that the effects behave quite consistently across all three future contracts.
By contrast, macroeconomic news has relatively small and diverse effects. U.S. news seem mainly to be incorporated at the Bund, i.e. at the longer end of the yield curve, whereas press conferences of the European Central Bank have effects more on the Schatz, i.e. on the shorter end of the yield curve. Finally, we confirm from our perspective that order flow is a relevant medium of information incorporation. The relative contribution of unexpected order flow is generally less important but turns significant at non-announcement days, as found by Pasqua-riello and Vega (2007) . Medium-sized trades as an indicator about the existence of "stealth trading" are quite insignificant in our sample (Barclay and Warner, 1993, Chakravarty, 2001 ).
This research fits into various lines of earlier work on price discovery in bond markets and extends earlier findings, first, by focusing on the European bond futures market, and second, by including order flow as determinant of information shares. For the U.S. market, Fleming and Remolona (1997) find the importance of news, a direction extended by Green (2004) . Brandt et al. (2007) consider future markets and reveal the impact from order flow on prices. Mizrach and Neely (2008) are closest to our work as they also apply the information share-approach, although comparing for the U.S. the information shares of spot and future markets. There is less research on European markets. Upper and Werner (2007) are relatively closest to us in this respect as they also apply the information share-approach, however, to the German ten-year maturity only and without considering any determinants. Dunne et al. (2007) question the benchmark status of German sovereign debt, although without covering the most liquid future contracts in their analysis and Andersson et al. (2009) strictly focus on volatilityeffects due to macroeconomic announcements.
The paper is organized in the following steps: Section 2 describes the data and Section 3 outlines the econometric approach. Section 4 provides information shares and Section 5 examines its determinants, thus supporting an economic interpretation. Section 6 provides some robustness exercises and Section 7 concludes.
Data
The study is based on high frequency data of trading in the three most liquid Euro bond future contracts between 2004 and 2007 . In addition, we use macroeconomic news as well as order flows for our analyses.
The data on German government bond futures' trading ranges from 01.06.2004 to 07.06.2007 . The three considered contracts are -with increasing maturity -the two-year maturity "Bundesschatzanweisungen" (in short: "Schatz"), the five-year "Bundesobligationen"
("Bobl") and the ten-year "Bundesanleihen" ("Bund"). These three contracts are the most liquid futures in the Euro area and they are all AAA-rated (S&P). The underlyings are the maturity-related bonds each with a face value of 100.000 EUR and a yearly coupon payment of six per cent.
To concentrate our analyses to the most liquid contracts we make use of the 'auto roll' procedure, briefly described e.g. by Andersson et al. (2009) . Contracts' trading is compared on a daily basis and the one with the highest volume is included into the data set. With this in hand and combined with the findings of Brandt and Kavajecz (2004) and Pasquariello and Vega (2007) who postulate that liquidity is related to the time to maturity, we focus our attention on 'on-the-run' contracts which dominate the price process (see Brandt and Kavajecz, 2004) .
Our data are recorded at EUREX which is the only supplier of an electronic trading platform for fixed income futures in Germany and offers regular trading hours from 8:00 a.m.
up to 6:00 p.m. till 20.11.2005 and up to 10:00 p.m. afterwards. The collected raw data provide the exact timestamp, last bid, ask and transaction price as well as its quantity. This gives us the possibility to construct trade related variables. Buy and sell identifications take place via the direct comparison of the transaction price and the quoted bid and ask. If the trade hits or understates the bid price, the order is classified as a sell and vice versa. In order to bring this information into a final data set which gives the opportunity of a comparison at the highest possible frequency we assign each contract for each second during the trading day an average possible trading price, represented by the midquote. This virtual price is computed as the half of summing up the bid and ask price. As we cannot observe a chainsaw pattern in our time series, as reported by Brandt et al. (2007) , we do not need to control or to correct for this effect. Table 1 summarizes the major characteristics of our sample. Consistent with the U.S.
Treasury market most of the trading per day is concentrated in the longer-term contract, i.e.
the ten-year future (see Brandt et al., 2007) . With 16,290 transactions per day on average and a total turnover of 959,056 contracts, it almost surpasses the two-year and the five-year contract by a factor of two and nurtures the view that the Bund future might be seen as the benchmark in the European bond market (Dunne et al., 2007) .
Releases of macroeconomic news induce strong movements in the U.S. bond as well as in the German Bund future market (Fleming and Remolona, 1999 , Andersen et al., 2007 , Andersson et al., 2009 ).
Thus it is necessary to analyze their impact in our sample, too. We use the International Money Market Survey (MMS) and Bloomberg to collect median forecasts and realizations of the relevant macroeconomic fundamentals. In determining our data set of U.S., Euro Area and German specific news, our selection is strongly influenced by Fleming and Remolona (1999) . We consider their five most influential U.S. macroeconomic news (on the five-year on-the-run GovPX bond) and select their European and German equivalents, too. In detail, we take the unemployment statistics, producer and consumer price indexes, GDP and retail sales releases. We enrich the data set by adding further marketrelevant announcements, i.e. the U.S. nonfarm payroll employment (see Hautsch and Hess, 2007, or Andersen et al., 2007) , the German industrial production and the German IFO industry survey of business climate (Ahn et al., 2002) . Andersson et al. (2009) Shorter-term price discovery regarding macroeconomic data refers mainly to its surprise component and less to the announcement as such. Thus, we define the news content of announcement i, ܵ , as the difference between the realization ‫ܣ‬ and the median forecast ‫ܧ‬ . For our purpose it does not make a difference whether the realization is larger or smaller than the median forecast. So we take the absolute difference of news as our measure (see also Chen and Gau, 2010) . As the news content can differ across the announcements, we compute standardized news surprises for announcement i at day t by dividing the news content by its stan-
The last kind of data which is used in the empirical work is various measures of order flow. Order flow is a measure of signed transactions and can easily be constructed from the available data on futures trading.
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The econometric approach
Price discovery metrics
Price discovery metrics are a standardized measure of price discovery for cointegrated time series in multiple markets or assets. We apply three standard approaches, i.e. The efficient price process can be worked out by an error-correction model with the following representation (see Engle and Granger, 1987) 2 : 
With γ as the common row vector in (6) the permanent price change due to innovations is t e ' γ . Up to this point the three measures are equal. 2 Detailed discussions about the efficient price process offer Hasbrouck (1991a) and Hasbrouck (2007) . 3 The orthogonal fulfils the following condition: Baillie et al. (2002) argue that in the case of low correlation between the error terms the Hasbrouck (1995) information share might be a more sensible metric than the HMW approach. As these conditions apply to our case we prefer the Hasbrouck metric for our analysis.
To be on the safe side, however, we consistently also calculate and document the modified information share approach (Lien and Shrestha, 2009 ) and the HMW approach (see Lehmann, 2002) . They are shortly introduced in the following.
Information share approaches
The Hasbrouck information share refers to the variance contribution of an asset to the efficient price variance var( t e ' γ ).If the error terms are uncorrelated, the variance-covariance matrix of the error terms, Ω , is diagonal. In this case, the role of a price leader can be directly derived by weighting each variance term with its long-run impact factor. However, practical applications reveal an existing negative correlation with a higher sampling frequency (see Hasbrouck, 1995, and Theissen, 2002 ). Although we follow Hasbrouck's (1995) suggestion and set the studied time interval as fine as possible, we are not able to totally eliminate the covariance between both error terms. Consequently, we conduct a Choleski decomposition of Ω to derive a lower triangular matrix M. The information share of contract i is defined as,
with i M ] [γ as the i-th element of the row of the matrix M γ . We rotate the ordering of the contracts in Ω to derive upper and lower bounds (see Hasbrouck, 1995) . As the difference between both bounds is not too large, we consider the averages for our analysis (see Table 4 ).
The purpose of the modified information share is to derive a unique measure which is independent of the ordering in the variance-covariance matrix. Therefore, Lien and Shrestha (2009) suggest using a eigenvalue-eigenvector decomposition of the correlation matrix of the error terms, Φ. Define Λ as a diagonal matrix with the eigenvalues of the error terms' correlation matrix as the diagonal elements and G contains the corresponding eigenvectors in the column vectors. Let V represent a diagonal matrix with the standard deviation of the price innovations, such that ܸ ൌ ݀݅ܽ݃൫ඥΩ ଵଵ , ඥΩ ଶଶ , ඥΩ ଷଷ ൯. Then (8) defines a unique measure:
where
The HMW approach uses the permanent/transitory decomposition of Gonzalo and Granger (1995) to calculate the common component of the price innovations. In a price series framework prices are decomposed into a permanent, t f , and a temporary, t p , component,
where A is a factor loading matrix. The orthogonal of the common row vector in (6), ߛ ୄ , represents the long-run impact (Gonzalo and Granger, 1995) . 5 Considering ߛ ୄ will yield to an unbounded measure. In order to avoid interpreting negative information shares we consider the absolute magnitudes of the factor weights 6 (see Cabrera et al., 2009 and Tswei and Lai, 2009 ):
where ߡ is a ሺ3 ൈ 1ሻ vector of ones.
Information shares of the future contracts
This section develops our first main result, i.e. showing that the Bund is relatively most important for price discovery although the two other future contracts also attract major information shares.
Preparatory analysis
As the information share-approach is based on a VECM method, the appropriateness of time series has to be tested first. The purpose of this section is thus to test for two basic requirements, i.e. non-stationarity of each contract's time-series and the cointegration of all three futures' time-series. First, analyzing the non-stationarity condition of the time series, we conduct the augmented Dickey-Fuller test on a daily basis. Here and in further analyses the applied lag length is estimated by relying on the Bayesian information criterion. Table 2 reports the results. The lag-length differs over the three contracts, ranging from 4 at the tenyear's future contract up to 7 in the two-year's one. Over the whole sample, we cannot reject the unit root characteristic for any of the three time series.
Second, we apply the Johansen likelihood ratio (LR) test for the whole system to receive its rank (see Johansen, 1988) . However, and consistent with Mizrach and Neely (2008),
we are not able to reject the null of zero cointegration at all days. Because our intention is to 6 The exclusion of the days with negative information shares, as suggested by Campbell and Hendry (2007) Panel B reports the test statistics for the binary cases. Here we get a sample of 534 observations for the two-year contract and 578 observations for the five-year one on which we are able to apply the Hasbrouck information share approach.
We are aware that this procedure might possibly exclude important days at which the yield curve, especially the slope, changes. For this purpose we test whether changes of the slope, trading volume or volatility differ on days with and without cointegration (Table 3) .
We reject the H o of equal means for percentage slope changes in the case of either the two-or the five-year contract. Additionally, results reveal a lower trading volume in all contracts at non-cointegration days. Therefore, the significant higher volatility of the ten-year contract at days without cointegration is a result of the lower liquidity in market overall. In sum, these tests do not indicate any selection bias of our sample.
Information shares
This section reports information shares of the Bund, Bobl and Schatz futures. Although we find a high and dominating share of the ten-year future contract, the shorter-maturity contracts contribute in sum about 40% to price discovery.
Yearly averages of daily information shares for the two-, five and ten-year contracts are reported in Table 4 . Although there are some fluctuations of the estimated values, the ten-year contract is clearly the relatively most important contract for price discovery with a share of roughly 60% -i.e. there remains about 40% for the two other contracts. This 40% breaks up into 25% for the five-year contract and 15% for the shortest maturity. The Bund's importance becomes also evident in daily data, because its information share is above 50% on more than six out of ten days. The Bobl dominates price discovery at 10% of days and the two-year future exceeds the 50% level only at 6% of days.
In order to show permanency of the Bund's relative importance over time Figure 1 reports the daily information shares. In particular the inferior role of the five-year Bobl may be somewhat surprising compared to related findings in the literature. Brandt and Kavajecz (2004) attribute the highest price impact to the five-year Treasury order flow and refer to the duration of the majority of fixed income portfolios, which is close to five years. Considering the U.S. spot and future market, Brandt et al. (2007) point out that the five-year's order flow of both markets has the most important role in pricing fixed income assets. Our result seems to be different although also in Germany the duration of bond portfolios is closest to the fiveyear contract and liquidity is not particularly high in that future contract. We suggest two reasons for this. First, different from the other mentioned analyses we refer to the concept of information shares so that neither econometric approach nor the period of investigation are the same. Second, in the Euro bond future market the Bund is characterized by the highest trading volume whereas in the U.S. there is also a liquid thirty-year market segment which attracts some trading and price discovery; so, possibly the Bund has a relatively strong position in price discovery due to this institutional difference.
Determinants of information shares
This section presents the results of three groups of determinants which may help to explain information shares. Section 5.1 considers market state-related variables. Section 5. 
Determinants of information shares: market state variables
The analysis of information shares has shown that they can vary considerably over time and that this instability may be related to variables indicating varying market states. Potentially relevant market states include spread, trading volume and volatility (see Fleming, 2003 , Brandt et al., 2007 . The analysis of market state variables has two motivations: first, one may learn from this analysis under which market conditions information is preferably compounded into prices. Second, one may think about market state variables as exogenous control variables which help to reveal the unconditional information shares of a certain market, such as the Bund.
Our analysis in the following is inspired by Mizrach and Neely (2008) who are the first to consequently consider the three above introduced market state variables in the Hasbrouck (1995) approach. Mizrach and Neely (2008) show that spread, traded contracts and volatility are able to explain price discovery shifts between the U.S. spot and future market. Thus, we take up these three market state variables. Moreover, in order to control for more technical (and less economical) effects of the time-to-delivery and the delivery day of future contracts and the delivery day of fixed income options, we also consider in all specifications such standard control variables. Thus we conduct the regression,
with i representing contract's maturity and IS the maturity-specific daily information share.
‫,ݎܵ‬ ܸ and ܴܸ represent the daily shares of spread, trading volume and realized variance which are the contract specific data divided by the sum over all three future contracts. Checking for any future market specific distortions we consider the time-to-delivery (TTD) and the delivery day of futures (DD) and their corresponding options (ODD), where the latter two are dummy variables with a value of one, if a new contract or option is issued. We use a logarithmic transformation of the information shares and microstructure variables to overcome any distributional problems related to limited depend variables (see Mizrach and Neely, 2008 ).
The expectations on coefficient signs -according to Mizrach and Neely (2008) -are that a relative higher spread of a future contract increases the price of incorporating noncommon knowledge and so hampers the tatonnement. In contrast, a higher share of trading volume indicates more information processing -or at least facilitates informed trading -and thus increases the information share. Finally, the impact from realized volatility may be ambiguous: this may be seen as an indicator of present noise traders in the market, so that more volatility decreases the information share, but it can be seen as sign of heterogeneously distribution information processing which would explain a positive sign. Although these results are confirmed for the spot-future-relation in the bond market (Mizrach and Neely, 2008) and for stocks and options (Chakravarty et al., 2004) , they should not be seen as stylized facts. For example, Campbell and Hendry (2007) partly report different results for the Canadian and U.S. bond market. There, in some cases a higher share of trading volume harms the speed of price discovery. In other cases a relative increase of the spread or the volatility raises the information share. Overall, there is evidence that market state variables are important but their signs are less obvious ex ante.
Our estimated coefficients -shown in Table 5 for the three econometric approaches each -confirm the observation that market state variables are able to describe fluctuations in the information shares of bond future contracts. Overall, these variables are better in explaining shifts in information shares of the Bund and the Schatz than of the Bobl. A positive change of the trading volume from the 25 th to the 75 th percentile increases the information content of the ten-(five-/two-) year contract by 11.3% (3.1%, 2.7%). 8 Interestingly, increases in spreads do not indicate less information processing in general because for the five-year contract a higher spread increases the information share; this particular role may be related to the use of the five-year contract as a hedging instrument for informed traders who increase information asymmetry and thus the spread (Brandt et al., 2007) . Volatility reveals the expected negative signs, where the HMW approach provides most significant relations. This may be understood in the sense of Yan and Zivot (2010) 
Determinants of information shares: macroeconomic news
There is no doubt that macroeconomic news is an important element of the price discovery process in bond markets and should therefore be considered in an analysis of information shares. Again, as with market state variables, this consideration may provide interesting insights by itself and may also be regarded as a consideration of necessary control variables. and additionally control for specific effects of future contracts, i.e. their time-to-delivery and delivery day as well on their options' delivery day (3) we compare across econometric approaches (results of to the two other approaches are presented in separated tables).
(1) Starting the within country discussion with the U.S. news, their significance underlines their importance for estimating European yields (Andersen et al., 2007 , Faust et al., 2007 , and Ehrmann and Fratzscher, 2005 . The importance of U.S. news stems from the fi- Andersen and Bollerslev (1998) . Whereas this information is mainly incorporated through the two shorter-term contracts, all other significant effects induce information share shifts in favour of the ten-year future. With the exception of retail sales all signs of the macroeconomic announcements are in line with the findings of Goldberg and Leonhard (2003) .
Turning to the Euro Area variables, we observe a significant impact of all macroeconomic news in the one or other way. In contrast to the U.S. results, coefficients' signs do not show any clear direction to one of the three contracts. The occurrence of ECB conferences heavily loads on the short end of the yield curve, indicating that the ECB mainly commands over the short-term end of the yield curve. This effect is underlined by the inflation-related CPI variable. Its early release date favours the CPI as a proxy for ECB decisions. The positive impact of the GDP and CPI variable on the shorter-maturity contracts is consistent with Goldberg and Leonhard (2003) . Somewhat surprising is the large coefficient of GDP and retail sales on the five-year future.
Within the German news there is a pattern in that most news seem to affect the shortterm contract positively but the long-term contract negatively and with the medium-term contract in between. The single most important variable is the ifo business climate which is regarded as a reliable early indicator of future growth and price pressure. The next important variable is jobless claims, which has the opposite signs to the ifo variable. The signs of the GDP and the CPI variable are consistent with Goldberg and Leonhard (2003) .
(2) Comparing the coefficients across countries, we see that generally the size of significant U.S. variables is larger than the sizes of Euro Area or German variables indicating the strong impact of U.S. news on the Euro bond futures (see Ahn et al., 2002 , ChristieDavid et al., 2002 . Next, we see that the U.S. influence is mainly channelled via the Bund whereas German news mainly affects the two-year contract. Regarding the significance of variables across countries, three variables stand out as they are important in each country: this is, first, jobless claims and nonfarm payroll employment in the U.S. respectively, second, consumer prices are highly significant everywhere, and, third, decision makers expectations, such as central bank meetings or important surveys in Germany, matter for price discovery.
Unfortunately, the signs of variables across countries do not provide a fully consistent pattern.
This indicates, as our work with various specifications demonstrates, that one should not emphasize the significance of single coefficients too much.
(3) In order to compare results across the three econometric approaches, we provide the additional results in Table 6b for the modified information share-approach and in Table 6c for the HMW-approach. Taking the Hasbrouck approach as the benchmark, the modified information share-approach reproduces significant coefficients almost exactly as there is just one marginal exception (German industrial production at the five-year contract). The HMWapproach differs a bit more from the Hasbrouck-approach and produces twelve cases (out of 60 coefficients in total) where significance is gained or lost, although there is no single case where a significant variable would change sign. These effects might be linked to microstructure noise effects which more heavily influence the HMW-approach (see Yan and Zivot, 2010) . Fortunately, these changes are almost random scattered across the table so that the above derived conclusions about pattern within and across countries still hold.
Determinants of information shares: order flow
This section investigates the role of order flow in shifting the share of price discovery, i.e. the information share, between the three future contracts. There are two motivations why order flow may be a relevant determinant in this analysis. First, order flow is a medium for incorporating non-common knowledge into prices (e.g. Killeen et al., 2006) . In bonds' spot and future markets this measure plays an important role in explaining price dynamics (see Brandt and Kavajecz, 2004 , Brandt et al., 2007 and Underwood, 2009 ). Second, Green (2004 documents the processing of news via an indirect channel, i.e. via order flow, which motivates us to distinguish between days with news and days without.
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In line with earlier studies on the possible impact of order flow on prices we proceed with the analysis in four steps, from general to specific, i.e. considering (A) total order flow, (B) unexpected order flow, (C) medium-sized order flow and then including market state variables (from Section 5.1). We note that these time-series are not significantly correlated with each other.
(A) Total order flow
Order flow is a measure of signed trades and thus indicates buying pressure (assuming that buys are coded positive). It is well documented that order flow is positively related to contemporaneous returns in many markets. This is often interpreted as an indication for order flow being the medium for incorporating information into prices. According to this reasoning one might expect that order flow will also impact information shares.
We test this in the simplest way by regressing relative order flow, i.e. between the Bund, Bobl and the Schatz, on their information shares. In order to do so we divide the absolute value of the maturity-specific, volume-weighted order flow by the sum over all three future contracts. Moreover, in order to distinguish the net trading effect on days with and without news, we create two dummy variables, each capturing one state. These dummies are multiplied with the order flow. Table 7 Panel A shows that the two-and ten-year contracts are indeed positive and statistically significant for days with news but also for days without news.
Only the five-year contract does not show significant coefficients which may be due to the special purpose of the five-year contract as preferred hedging instrument. We see this preliminary result as a confirmation of the derived implications of Section 5.2 that the information flow is mainly located at the short-and long end of the yield curve. In the next step we reproduce the steps as described in (A) above. The two columns in Panel B of Table 7 present the results of the following regression, whereby ‫ܦ‬ ‫ܦ(‬ ே ) stands for a dummy variable, representing announcement (non-announcement) days:
11 Hasbrouck (1991b) introduced this methodology for the estimation of the unanticipated component of a trade. 12 For robustness we apply two specifications. First, we substitute the binary measured order flow for the volume-weighted order flow. Second, we choose a sampling frequency of 30 minutes. The appropriate lag-lengths are chosen to eliminate the serial correlation in the trading interval and are set such that a whole trading day is covered as we can see day-to-day dependencies in the returns. Our results remain stable and underline our conclusions.
.
Two effects are directly observable. First, while we observe a positive impact of unexpected order flow on the information share of the Bund, total order flow loses its significant impact on information shares at non-announcement days. Second, with the exception of the Bund future traders pay less attention to unexpected order flow at announcement days. In general,
we are able to confirm main findings of Pasquariello and Vega (2007) that the impact of both order flow measures is state-dependent.
(C) Medium-sized order flow
In a next step we further augment the regression by also considering medium-sized order flow. Medium-sized order flow is often found to be preferably used by informed traders according to the so-called stealth-trading hypothesis (Barclay and Werner, 1993) . In order to reduce their price impact and so to lower their trading costs, informed investors split up large trades. If this applies here as well, then medium-sized trades have a larger price impact than small or large trades (evidence in Anand and Chakravarty, 2007, for options, Chakravarty, 2001 , for equities, and in Menkhoff and Schmeling, 2010, for foreign exchange).
We compute contract i's daily share of medium-sized trades, MID i , in three steps. First, we standardize all trades of a day. Next, we define the 20% and 80% critical trade sizes of each subsample. 13 Finally, the amount of the maturity-specific trades between the borders is divided by the sum over the three futures. The average shares of the two-, five-and ten-year contract are 14.7%, 25.7% and 59.6% which nearly corresponds to the unconditional information shares.
Panel C in Table 7 reports respective results which are, however, qualitatively unchanged to the earlier reported Panels A and B.
Without going into details, we cautiously conclude that stealth-trading may be not very relevant in the bond future market; at least not as important as in other markets. Comparing the results with Table 5 reveals a remarkable increase of the explanatory power. We conduct Wald Tests to evaluate the role each order flow variable plays for the information shares. Table 8 shows the results of subsequently including order flow, unexpectedand medium-sized order flow to the standard variables of Section 5.1. Both, the inclusion of order flow and unexpected order flow significantly improves our understanding of informaand 99 contracts as medium sized trades. This corresponds to a lower (upper) bound of 2.5% (40%). However, both specifications do not change our results.
tion shares of the shortest and longest maturity. Once again, this finding underlines the argumentation of Pasquariello and Vega (2007) that the importance of order flow depends on the existence of public signals.
Overall, we conclude that order flow is a useful determinant in explaining information shares, thus providing another form of evidence that order flow is a medium for incorporating private information.
Determinants of information shares: market state, macroeconomic news and order flow
In a final analysis, we consider all so far considered useful variables in a comprehensive approach. This provides some insight whether the variables found so far are possibly capturing common sources or whether they are orthogonal to each other. We find that only a few macroeconomic news change significance and want to remind that their overall explanatory power is very low anyway.
Formally, we test the following specification which can be seen as integrating variables from Section 5.1 to 5.3:
Results are given in Panels B of Tables 6a to 6c . Mainly, they confirm our previous results. The major deviation from the earlier presented partial regression is that there are a few changes in macroeconomic news, however, without changes that would suggest new interpretations. In particular, the order flow variables keep their significance and structure which indicates their contribution.
Overall, we do not see these minor modifications as a qualitative change in findings but rather as a confirmation of the overall message: market state variables and to a smaller extent order flow are the important determinants of information shares, whereas macroeconomic news is of less importance.
Robustness
In order to examine whether our findings are robust to modifications we aim for enlarging the number of days considered in our empirical analysis in two steps.
Including further days in the analysis
We test if the above derived results are an outcome of focussing exclusively on days with a cointegration of the three future contracts. For this reason, we now estimate the information shares only for the two-and five-year contract, each compared to the ten-year's one.
This extends the sample from 405 days to 534 days for the two-year contract and to 578 days for the five-year contract. For the sake of brevity Table 9 only shows the results of reproducing earlier Table 6 Panel B, which includes market states, macroeconomic news and order flow.
14 As before, market states are highly significant with the expected signs. Among news, there is hardly any change. U.S. news show the same pattern as they mainly increase the in-formation share of the Bund future. Especially FOMC meetings keep their strong impact.
Nonfarm payroll employment, the most important macroeconomic announcement, still improves the importance of the two-and five-year contract. Similar findings apply to the Euro Area and German news. Finally, a higher share of order flow increases the information share of the respective future contract.
The joint analysis of cointegrated and non-cointegrated days
In order to consider all days in the examinations, we first analyze lead-lag-relations between the three future contracts on those days without cointegration. In a second step we bring together the results of information shares and lead-lag-relations. Overall this holistic examination supports the above gained insights.
For the lead-lag-relations we conduct a VAR-approach to yield changes. In a formal expression the model includes a constant ߙ and lagged yield changes of the three contracts to explain current yield changes, ‫ݕ∆‬ ௧ , We test the contribution power of contract j to price discovery in contract i (i≠j) with a Wald Test which compares an unrestricted (17) with a restricted model. In the restricted model the off-diagonal coefficient ߚ , is set to zero. If the null hypothesis of no contribution of contract j is rejected, this contract at least partly leads the price discovery process (Forte and Pẽna, 2009) .
A further step combines the results of information shares and lead-lag-relations. The methodology is based on Forte and Pẽna (2009) and compares each possible pair of contracts.
The leadership dummy variable of contract i compared to contract j, D(i,j) takes a value of 1 if contract i has either (1) a higher information share or has (2) a price impact on future yield changes of contract j, but not vice versa. Table 10 presents the sum and the averages of the dummy variables. Again, we see the same dominance structure as before. The Bund future is on average the major contributor to yield innovations. On more than 60% of the days the 10-year contract leads the price discovery process compared to both, the two-and five-year contract. The null hypothesis of a mean below 50% is rejected in both cases.
However, in nearly 30% of the cases the shorter maturity contracts are the main information processors. These days might be affected by a general weakness of the ten-year contract. We exclusively test for these days for equal means of the dummy variables of the twoyear and five-year future, each compared to the ten-year's one. Under the null hypothesis we expect that the leadership of the two-year contract goes along with a leadership of the fiveyear contract, and vice versa. Although both subsamples reveal a strong relation of the leading roles of the shorter maturities we reject the null hypothesis of equal means at the one percent level.
15
Our results are in line with implications derived from the information share approach and support the view that not only the strength or weakness of the Bund future matters for the price discovery process. Rather, the two-and five-year futures are on their own able to attract information which brings them into an outstanding role.
Conclusions
Our study analyzes price discovery in the Euro bond future market by applying the information share approach. We contribute to the literature in two ways: first, we extend the price discovery analysis in the European market to several future contracts. Second, we extend the so far considered determinants of information shares by also making use of order flow data. Both contributions reveal interesting insights.
In covering the European bond market, we calculate information shares for the Bund,
i.e. the ten-year German bond future, versus two other -so far neglected -future contracts,
i.e. the two-year Schatz and the five-year Bobl. We find that the Bund is indeed the single most important contract for price discovery but that it does not dominate to an extent that the two other contracts would become unimportant. By contrast, there are many days, where the Bund is less important than another future contract.
In extending the determinants of information shares we complement market state and macroeconomic news variables by so far neglected order flow variables. Order flow has often been found to be a relevant measure in analyzing information flows in financial markets, so that it seems a natural extension to consider it as determinant of information shares too. Indeed, it proves to be an important determinant beyond the earlier variables. In particular, order flow is rather more important than macroeconomic news in understanding shifts in information shares between the Bund and the other future contracts. 7th, 2007 . Market relevant information includes the future's specific return (multiplied with 100), the quantity and the number of buys, sells, order flow and the trading volume. The columns contain the estimated means, standard deviations, maximums, minimums and the first order autocorrelation for the two-, five-and ten-year futures. A '*', '**' or '***' shows the significance of the first-order autocorrelation at the 10%, 5% or the 1% level. The table provides t-statistics and p-value in brackets for testing structural differences in the mean on days with and without cointegration for the two-and five-year contract, each to the ten-year future. Slope is measured as the yield-spread between the maturities of two and ten years. Volume reflects traded contracts per day and the volatility is based on five-minute midquote changes.
Table 4: Yearly information shares
Results below are the annual averages of the daily information shares estimated by the Hasbrouck (1995) and HMW (Harris et al, 2002) approaches. MIS reports the estimation of the modified information share (Lien and Shrestha, 2009). Lower and upper bounds of the Hasbrouck information shares depend on the order of the contracts in the Cholesky decomposition. The mid-point is the average of all possible orders. We report estimated and normalized HMW information shares. Days with a rank of less than two are dropped out which reduced our data set to 405 observations. The table mirrors the regression results of microstructure variables on daily information shares of the two-, five-and ten-year future, which takes the following form: ln൫‫ܵܫ‬ ‫ݐ,݅‬ ൫1 െ ‫ܵܫ‬ ‫ݐ,݅‬ ൯ ⁄ ൯ ൌ ܿ ܾ 1 ‫ܦܶܶ‬ ܾ 2 ‫ܦܦ‬ ܾ 3 ‫ܦܦܱ‬ ܾ 4 ln൫ܵ ‫ݐ,݅‬ ൯ ܾ 5 ln൫ܸ‫݈‬ ‫ݐ,݅‬ ൯ ܾ 6 ln൫ܴܸ ‫ݐ,݅‬ ൯ ߝ ‫ݐ‬ , with i representing the maturities, c the intercept term, TTD the time-to-maturity, DD a dummy variable with a value of one at each delivery day and OOD a dummy variable with a values of one at each options' delivery day. ܵ, ‫݈ܸ‬ and ܴܸ are individual shares of the marketwide average five minute quoted spread, the number of traded futures per day and RV midquote's realized volatility for the given day. The 10% (5%, 1%) significance level is marked with a * (** / ***). These table reports regression results of trend variables and step-by-step added logarithmic shares of order flows, unexpected and medium-sized order flow on the daily information shares. Table 6a (6b/6c) refers to the Hasbrouck information share (Modified information share / HMW information share). (Non-) Announcements variables are constructed by setting the variables on non-relevant days to zero. The intercept term, time-to-maturity and delivery days of futures and options, which are included in Panel A to D, are not reported for brevity. Robust standard errors (Newey-West, 1987) are used. The trend variables and the intercept term are not reported for brevity. The 10% (5%, 1%) significance level is marked with a * (** / ***). Table 7 , order flow, unexpected order flow and medium-sized order flow are successively and with rotating order added to the regression. We use a logarithmic transformation of the information shares, microstructure-and trading-related variables. The 10% (5%, 1%) significance level is marked with a * (** / ***) and indicates whether this variable has to be considered beside market-state and the previous listed variables. Panel A shows results for the Hasbrouck approach, Panel B refers to the modified information share and Panel C to the HMW information share. 10-year to 2-year 10-year to 5-year 
